The pediatric perforated appendix rate is a quality metric measured by the Agency for Healthcare Research and Quality (AHRQ) that reflects access to care. The association of health care utilization prior to presentation with appendicitis is unknown.
A ppendicitis represents the most common diagnosis for which children undergo emergency abdominal surgical procedures. Approximately 80 000 appendectomies are performed annually for children in the United States. 1 Appendicitis is considered a progressive disease that begins as acute inflammation secondary to blockage of the appendiceal orifice, leading to necrosis and possible perforation of the appendiceal wall. Any factor that delays treatment may lead to higher rates of perforated appendicitis. Compared with acute-onset appendicitis, perforated appendicitis is associated with higher costs, longer hospitalizations, and higher hospital readmission and complication rates. Prompt diagnosis and treatment of acute appendicitis has the potential to decrease its incidence, morbidity, and cost. Unfortunately, nearly 40% of children in the United States present with perforated appendicitis. 2 The perforated appendix admission rate (pediatric quality indicator 17 [PDI 17] ) is tracked by the Agency for Healthcare Research and Quality (AHRQ) as a community-level indicator of quality and access. It represents the only national quality indicator applicable to pediatric surgery. Although pediatricians and surgeons have long been concerned with accurate diagnosis and rapid treatment of appendicitis once the patient arrives at the hospital or emergency department, evidence shows that appendiceal perforation is determined by prehospital or patient factors. 3 Studies have demonstrated that perforated appendicitis rates are higher in the United States for racial and ethnic minority groups, Medicaid patients, uninsured patients, and patients living in regions other than the Northeast. 4, 5 Conversely, short in-hospital delays prior to operation for children with appendicitis are not associated with increased risk of perforation. [6] [7] [8] [9] We have little understanding of how a patient's individual pattern of interaction with the health care system (defined as health care utilization) may contribute to presentation with appendiceal perforation. Among groups of insured individuals, health care utilization (ie, visits to a primary care office or emergency department) can vary significantly. Variations in utilization have been demonstrated based on socioeconomic group, type of health care coverage, and disease. [10] [11] [12] Utilization may reflect a number of measurable social variables but also more nebulous factors, such as patient attitudes toward health care, health literacy, and selfefficacy. To our knowledge, the direct association between health care utilization and rate of perforated appendicitis has not been studied. Health care utilization adds another layer to our understanding of health care costs, barriers to access, and patientlevel dynamics in the health care system. The most routine example of health care utilization in pediatric care is the yearly well-child visit. Although primary care visits distant from an acute surgical diagnosis may seem unrelated on the surface, we wondered if families with an established relationship with their primary care clinician would more likely seek care promptly when signs and symptoms of an acute abdominal process appear. We hypothesized that, within a cohort of insured pediatric patients, outpatient health care utilization in the year preceding appendicitis would be associated with lower rates of appendiceal perforation.
Methods

Study Population
We designed a retrospective cohort study of children with appendicitis using the Truven MarketScan Commercial national insurance claims database. 13 MarketScan represents administratively collected data from large employers, health insurance companies, and other health care payers. Limited data exist for patients insured by Medicare or Medicaid; thus, these data were not included in this study. MarketScan contains more than 7 million unique patients with longitudinal records of both inpatient and outpatient medical encounters. We identified cases of appendicitis in children 18 years or younger using ICD-9 diagnosis codes 541, 5400, 5401, and 5409. Patients were included regardless of whether they underwent appendectomy at the initial encounter (ie, perforated appendicitis managed nonoperatively). Cases of appendicitis were identified from January 15 patients were classified by definition (ICD-9 diagnosis code) as having either perforated appendicitis or acute appendicitis. Perforated appendicitis included appendicitis with peritonitis (5400) and abscess of appendix (5401). Acute appendicitis included appendicitis not otherwise specified (541) and acute appendicitis not otherwise specified (5409). We validated this classification by excluding patients with codes for perforated appendicitis (5400 and 5401) and hospital length of stay fewer than 3 days, because hospital length of stay has been used as a primary criterion for clinically validating perforated appendicitis when using large administrative data sets. 16, 17 Similarly, patients with acute appendicitis (541 and 5409) with hospital length of stay for 3 or more days were also excluded ( Figure) . Health care utilization was measured using data from the tables of outpatient visits described in the MarketScan database. Each outpatient record with a service date during the 1 to 12 months prior to the specific hospital admission was considered 1 encounter. We excluded outpatient visits within 1 month of hospital presentation because we sought to measure baseline health care utilization patterns (ie, routine primary care usage) and because outpatient visits within 1 month before hospital presentation may be related to the diagnosis of appendicitis. Types of insurance plans were stratified into the following 3 categories of increasing patient financial burden based on the methods of Simianu et al 18 : (1) health care maintenance organization and capitated point-of-service plans; (2) low out-of-pocket plans including exclusive provider, preferred provider, and noncapitated point-of-service organizations; and (3) high out-of-pocket plans, including consumer-driven and highdeductible plans.
Statistical Analysis
Demographic data were compared between acute and perforated appendicitis groups using nonparametric tests, Pearson χ 2 test of independence, and unpaired, 2-tailed t test. Logistic regression was performed to predict presentation with perforated appendicitis using health care utilization (stratified by number of visits) as the key independent variable and adjustment for age, sex, gastrointestinal comorbidities, geographic region, median annual household income, and insurance type. Effect modification on health care utilization was evaluated for all covariates and specifically for age at presentation with appendicitis. Limited missing data precluded the need for imputation or adjustment. All analyses were performed from September 1, 2016, to October 15, 2017, using SAS, version 9.4 (SAS Institute Inc), and 2-sided P < .05 indicated statistical significance. The analysis end date coincided with submission of the revised manuscript.
Results
Overall Cohort Characteristics
We identified 38 348 children with ICD-9 diagnosis codes for appendicitis from January 1, 2010, to December 31, 2013. After exclusion criteria were applied, 19 109 children remained for analysis (Figure) 
Comparison of Patients With Perforated vs Acute Appendicitis
In the univariate comparison with acute appendicitis, children with perforated appendicitis were younger and more likely to be boys or male adolescents (Table 1) . Children with perforated appendicitis were more likely to have an insurance plan with high out-of-pocket expenses (517 of 5509 patients [9.4%] 
Multivariable Regression Results
In the adjusted model, outpatient health care utilization prior to presentation was associated with lower odds of perforated appendicitis (odds ratio [OR], 0.63; 95% CI, 0.58-0.69; P < .001). This negative association generally increased with visit frequency in the previous year to presentation (OR, 0.86; 95%CI,0.77-0.95for1-2visits,P = .003; OR, 0.61; 95% CI, 0.55-0.67 for 3-6 visits, P < .001; and OR, 0.43; 95% CI, 0.38-0.48 for ≥7 visits [5-18 years], P < .001) ( Table 2) . We found that age of 1 to 4 years was an effect modifier of health care utilization only when that term was set to 7 or more visits in the previous 1 to 12 months. When the interaction term was true (age 1-4 years and ≥7 visits), the odds of perforated appendicitis were not significantly different from the null (OR, 0.83; 95% CI, 0.56-1.24; P = .37). Younger age showed a stepwise increase in odds of appendiceal perforation. Odds of appendiceal perforation were increased for patients living in the North Central and Southern regions compared with the Northeast. Odds of perforation were higher for those in the second and third income quartiles compared with the lowest quartile. Compared with health maintenance organization and capitated point-ofservice plans, patients with high out-of-pocket insurance plans had higher odds of perforation (OR, 1.40; 95% CI, 1.22-1.61; P < .001). The association of outpatient health care utilization remained significant with increased time intervals between the outpatient visit and presentation with appendicitis (eFigure in the Supplement). 
Discussion
In this study, we demonstrate a novel association between health care utilization (eg, primary outpatient care) and reduced rates of perforated appendicitis. To our knowledge, these results are the first to link acute-care surgical outcomes typically managed within the emergency department and inpatient hospital setting with the use of outpatient primary care. The correlation between health care utilization and decreased appendiceal perforation rates remained significant after controlling for socioeconomic status (SES). These results are even more striking since all patients were insured and had relatively equivalent baseline health care access. These findings have implications for health care reform by demonstrating that health insurance coverage is not the only area in which disparities exist. Larson et al 19 demonstrated
that recent legislation resulted in a marked decline in the percentage of uninsured children, which translated into significant preventative care gains. However, our research shows that all insurance plans and physician-patient relationships are not equal in encouraging families to seek prompt care for acute conditions. Among insured patients, use of health care resources may be affected by family SES, increased out-of-pocket health care costs, rural vs urban location, and individual understanding of the health care system. Factors that may prevent a patient from having a yearly well-child visit may also contribute to a longer time to presentation when symptoms of appendicitis develop. In an interesting parallel to our study, Bratu et al 20 studied perforated appendicitis rates in the setting of universal health care in Canada. They found that, despite universal health care coverage, those patients with lower SES were more likely to present with perforation. Puka et al 10 showed that lower SES in children with epilepsy was associated with fewer outpatient visits and more emergency department visits. Similar results were seen for patients with inflammatory bowel disease. 21 In our study, health care utilization remained independently associated with lower odds of appendiceal perforation after adjustment for income and region, which suggests that utilization is more than just a proxy for SES. It is unclear why the second and third income quartiles had higher odds of appendiceal perforation compared with the lowest income quartile. We did note that the third income quartile had the largest proportion of high out-of-pocket plans, although type of plan was adjusted separately. There may be clustering in each quartile of certain job types or industries that lean toward more difficult access to health care, whether owing to geography or employer support. Our results confirmed an unexpectedly large number of children 18 years or younger with 7 or more visits in the 1 to 12 months before presentation with appendicitis. This group may represent a cohort of children with chronic conditions, such as asthma and attention-deficit/hyperactivity disorder, although their diagnostic codes were quite diverse. We found that young age was an effect modifier of high utilization; 7 or more visits was not significantly associated with perforation at presentation in this particular group. We postulate that these young children, even with increased health care use, remain difficult to diagnose in the early stages of appendicitis because of their limited communication skills. Early signs and symptoms of appendicitis may be interpreted as pertaining to another underlying illness in more frequent users of health care resources.
Several US studies have shown that pediatric surgical outcomes are linked to health care payer, demonstrating that patients with Medicaid have increased complications compared with those with private insurance. 22, 23 Only privately insured patients were included in our study because of the information provided in the MarketScan Commercial database. We found that patients with high out-of-pocket costs (ie, high-deductible health plans) were more likely to present with perforated appendicitis. Our findings are Abbreviations: HMO, health maintenance organization; NA, not applicable; OR, odds ratio; POS, point of service.
a Perforated appendicitis defined as International Classification of Diseases, Ninth Revision (ICD-9) diagnosis codes 5400 or 5401 and length of hospital stay for 3 or more days.
b Odds ratio for perforated appendicitis is reported after adjustment for all other covariates.
c Odds ratios given interaction term for patients 1-4 years with 7 or more visits in the preceding year equals 1.
supported by the work of Braveman et al, 4 which showed higher rates of perforated appendicitis in patients with feefor-service plans compared with capitated insurance plans even after controlling for annual family income. This finding suggests that there are complex factors in determining health care utilization as opposed to a simple dichotomy of insured vs uninsured patients. These results demonstrate that, for patients with higher income levels, high out-ofpocket costs may be a deterrent to seeking medical attention in a timely fashion, leading to increased complications. Penfold et al 24 found that, after controlling for SES and insurance type, patients who live in rural areas and must commute to urban centers for health care were more likely to present with perforated appendicitis, suggesting that travel distance contributes to delay in seeking care. Although we were not able to measure and control for travel distance to the hospital in this data set, a correlation is suggested by the association of geographic region with appendiceal perforation. Individual attitudes and behaviors with respect to health care still may not be explained even after demographic and economic factors are taken into account. A recent survey of adults and parents of children with appendicitis demonstrated that, despite having a similar SES, patients with delayed presentation had less social support and more self-reported willingness to "wait it out" when health conditions arise. 25 We suggest that primary care utilization serves as an indicator of these difficult-tomeasure attitudes as well as general health-consciousness of the parent. Therefore, the associations seen in our study results cannot be entirely attributed to the primary care physician relationship. Assessing quality in children's surgery is challenging. 26 Pediatric quality indicator 17, as described by the AHRQ, is used as a measure of community-level health quality and is consistent with evidence that perforation in appendicitis is determined primarily by outpatient, prehospital factors. [4] [5] [6] A previous study has shown that race and sociodemographic community characteristics contribute to overall hospital quality rankings for treating perforated appendicitis and should be adjusted for these factors. 27 The current study supplements this evidence, demonstrating that not only insurance status but also a patient's or family's ability and willingness to use health care services may be associated with presentation with perforated appendicitis. Striving to improve quality, access, and promotion of primary care should be a central goal. Although the magnitude of association is relatively small for routine use in this large cohort study (perforated appendicitis: OR, 0.86; 95% CI, 0.77-0.95 for 1-2 visits; P = .003), the high morbidity associated with perforated appendicitis vs acute appendicitis should be taken into account. If even a small percentage of patients have a shortened hospital length of stay by 2-to 3-fold and avoid a 5-to 6-fold higher risk of intraabdominal abscess, this translates to a large difference in quality and cost of care.
2,28
Limitations and Strengths
Limitations of this study include the inability to assess inpatient medications, including antibiotics. We were unable to further delineate the severity of perforation or peritoneal contamination, and some patients in the group with perforated appendicitis may behave similar to patients with acute appendicitis clinically. There is likely a degree of misclassification for both our exposure and outcome given the imperfect nature of coding data. Another major limitation is the lack of inclusion of publicly insured, self-insured, and uninsured patients in the MarketScan database given that its source is mostly large employers, limiting the generalizability of these results. This limitation may strengthen our ability to analyze utilization specifically in a setting where health care coverage and access is relatively constant. In addition, we were limited in our ability to further separate patients by area of residence (eg, at the state level) and exact income level because of the deidentified data available in MarketScan, which may lead to unmeasured confounding. Nevertheless, the strength of using this database is the ability to study a large, nationally derived cohort.
Conclusions
In this study, we demonstrate that, among a cohort of commercially insured children, use of outpatient primary care services in the year before presentation with appendicitis is associated with a lower rate of appendiceal perforation. Although previous studies have shown the importance of SES, race, insurance status, and other demographic factors, this is the first study, to our knowledge, that links use of primary care services with surgical outcomes. This association may be explained by the guidance provided by a primary care physician relationship or by an overall predilection by some families to readily access health care. Although health care utilization also measures the less modifiable attributes of health literacy and trust in the medical system, these factors still argue for increased visibility and ease of access to primary care to improve children's health. This finding has implications for the assessment of surgical quality as well as broader US health care reform.
